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TianQin is a space-based gravitational-wave observatory scheduled to be launched in the 2030s.
In this work, we make a preliminary forecast for the cosmological parameter estimation with the
gravitational-wave standard siren observation from TianQin. We simulate the standard siren data of
TianQin based on its 5-year observation after the completion of construction. In the simulation, three
models for the population of massive black hole binary (MBHB), i.e., pop III, Q3nod, and Q3d, are
considered to predict the event numbers of MBHB mergers. We find that: (i) among the three MBHB
models, the Q3nod model can provide the tightest constraints on the cosmological parameters; (ii)
TianQin’s standard siren observation can effectively break the parameter degeneracies inherent
in the cosmic microwave background observation; and (iii) the future standard siren observation
from TianQin can significantly improve the cosmological parameter estimation under the current
mainstream electromagnetic observations.
I. INTRODUCTION
The observation of the binary neutron star (BNS)
merger gravitational wave (GW) event GW170817 [1] ini-
tiated the multi-messenger astronomy era, opening a new
window to measure the expansion history of the universe.
We can simultaneously determine the absolute luminosity
distance to the event source by GW observation and the
redshift of the source by optical observation. This will
provide a new cosmological probe, known as “standard
sirens” [2, 3]. Therefore, by the observation of standard
sirens, the relationship between cosmic distances and red-
shifts could be established, which can be used to con-
strain cosmological models. A significant advantage of
the standard siren observation is that it provides a mea-
surement for the absolute luminosity distance that is cal-
ibrated only by theory, and independent of the complex
astrophysical distance ladder with poorly understood cal-
ibration processes. From the actual standard siren obser-
vation of the BNS merger event (GW170817 and GRB
170817A) [4, 5], an independent measurement of the Hub-
ble constant has been made [6]. It has been predicted
that in the forthcoming years, the observation of BNS
merger events as standard sirens from the ground-based
detector network is expected to serve as an arbitration
for the well-known tension of the Hubble constant in cos-
mology [7, 8] (see also Ref. [9]). The forecast for using the
GW standard sirens observed from the third-generation
ground-based detectors to constrain cosmology has been
recently intensively discussed; see, e.g., Refs. [9–31]. The
standard sirens at much higher redshifts provided by the
massive black hole binary (MBHB) coalescences will be
observed by space-based GW interferometers, and these
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high-redshift observations will also play an important role
in the cosmological parameter estimation.
The Laser Interferometer Space Antenna (LISA) [32–
36] is an European space-based GW detector, aiming at
detecting low-frequency GWs in the millihertz frequency
range (0.1 mHz – 1 Hz). Recently, LISA Pathfinder
[34, 35] successfully demonstrated the drag-free technol-
ogy, and the Gravity Recovery and Climate Experiment
(GRACE) [36] further tested the laser metrology. LISA
consists of three identical drag-free spacecrafts forming
an equilateral triangular constellation with 2.5× 106 km
arm length. The plane of spacecrafts is at an angle of
60◦ relative to the ecliptic plane. LISA is considered to
be located behind the Earth and follows it in the ecliptic
with 20◦ trailing angle [33]. There are also two space
projects proposed by Chinese researchers, namely, Tian-
Qin [37–42] and Taiji [43–49]. The Taiji mission is a
LISA-like space-based GW detector in heliocentric orbit
with 3 × 106 km arm length. Taiji-1, the pathfinder of
Taiji, was launched in August 2019 [47] to test the first
stage of development of space technologies. In order to
make Taiji and LISA be separated relatively far, Taiji is
planned to be localized in front of the Earth with 20◦
leading angle, such that the LISA-Taiji network [48, 49]
could have a powerful joint detection capability. The
schematic diagram of the orbits of Taiji, LISA, and Tian-
Qin is shown in Fig. 1.
TianQin project is a space-based GW detector with
1.7 × 105 km arm length in the geocentric orbit, and is
planned to run in a detector mode to detect a known ref-
erence source firstly. In December 2019, TianQin-1, the
first pathfinder satellite was successfully launched and
tested the first stage of development of their technolo-
gies in space. This implies that the key technologies of
TianQin are gradually maturing, paving the way for its
launch in the 2030s. The normal direction of the plane
of the TianQin’s spacecrafts points towards the specific
reference source RX J0806.3+1527 during its operation.
Because the J0806.3+1527 locates in ∼ 4.7◦ from the
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2FIG. 1: The schematic diagram of the orbits of Taiji, LISA,
and TianQin.
ecliptic plane, the detector plane stands nearly vertical
to the ecliptic plane [38]. In order to maintain the ther-
mal stability of the detector, TianQin has two observa-
tion windows in one-year operation, resulting in the “3
month on + 3 month off” working pattern of TianQin,
which would somehow inevitably limits its performance
in cosmology. Thus we adopt the twin-constellation sce-
nario with two sets of perpendicular constellation oper-
ating in succession, which would provide a complete time
coverage and double the detection rate of GW events [41].
LISA, Taiji, and TianQin have various configurations and
thus result in different impacts on the future cosmological
parameter estimation. Recently, some studies on the ca-
pability of LISA and Taiji in the aspect of improving the
cosmological parameter estimation have been seriously
conducted [50–52]. Nevertheless, the forecast study on
the prospect of TianQin in the future cosmological pa-
rameter estimation is still absent to date. Thus, it is of
great importance to assess the capability for the Tian-
Qin project in the cosmological parameter estimation by
using the simulated standard siren data.
Recently, the Event Horizon Telescope captured the
image of a massive black hole (MBH) in the center of
M87 [53], directly showing the existence of MBH in the
center of galaxy. (See Refs. [54, 55] for discussions on a
new cosmological probe from supermassive black holes.)
The inspiral, merger, and ringdown of MBHBs may all
be detected by the space-based GW interferometers. The
certain formation mechanism of MBHB is still unclear,
but it is pointed out that two factors can mainly influence
the predicted number of the observable MBHB merger
events, i.e., the MBHs seeding at high redshifts, and the
delay between the merger of two MBHs and that of their
host galaxies. We consider three models for the popula-
tion of MBHB in this work, and we will discuss them in
more detail in the following section.
The rest of this paper is organized as follows. In Sec.
II, we describe the cosmological models considered in this
work and introduce the simulation method for the obser-
vational data of TianQin, and we also explain the method
for constraining cosmological parameters. The results are
shown and discussed in Sec. III. The conclusion is given
in Sec. IV. Unless otherwise specified we shall adopt the
system of units in which c = G = 1 throughout this
paper.
II. METHODS AND DATA
A. Methods of simulating the TianQin’s standard
siren data
1. The configuration of TianQin
We briefly introduce the relevant information of Tian-
Qin and describe the methods of simulating its standard
siren data. The GW strain h(t) can be described by
two independent polarizations h+,×(t) in the transverse-
traceless gauge,
h(t) = F+(t; θ, φ, ψ)h+(t) + F×(t; θ, φ, ψ)h×(t) , (1)
where F+,× are antenna pattern functions, (θ, φ) denote
source’s polar angle and azimuthal angle in the ecliptic
frame, and ψ is the polarization angle of GW. We can
separate the antenna pattern function into a polarization
angle part and aD+,× part that describes the dependence
of time,
F+(t) = D+(t, f) cos(2ψ)−D×(t, f) sin(2ψ) , (2)
F×(t) = D+(t, f) sin(2ψ) +D×(t, f) cos(2ψ) . (3)
The form of D+,× relies on the specific configurations
(e.g., orbit and orientation) of a GW detector and gener-
ally depends on the frequency of GWs. For the inspiral
phase of MBHBs, by adopting the low-frequency limit,
D+,× could be independent of frequency and written as
[40]
D+(t) =
√
3
32
(
4 cos(2κ1(t))
((
3 + cos(2θ)
)
cos θ¯ sin(2φ
− 2φ¯) + 2 sin(φ− φ¯) sin(2θ) sin θ¯
)
− sin(2κ1(t))
×
(
3 + cos(2φ− 2φ¯)(9 + cos(2θ)(3 + cos(2θ¯)))
− 6 cos(2θ¯) sin2(φ− φ¯)− 6 cos(2θ) sin2 θ¯
+ 4 cos(φ− φ¯) sin(2θ) sin(2θ¯)
))
, (4)
D×(t) =
√
3
8
(
− 4 cos(2κ1(t))
(
cos(2φ− 2φ¯) cos θ cos θ¯
+ cos(φ− φ¯) sin θ sin θ¯
)
+ sin(2κ1(t))
(
− cos θ
× (3 + cos(2θ¯)) sin(2φ− 2φ¯)− 2 sin(φ− φ¯)
× sin θ sin(2θ¯)
))
, (5)
where κ1(t) = 2pifsct + κ0, with fsc = 1/(3.65 day)=
3.17 × 10−6 Hz representing the rotation frequency of
3spacecrafts around the Earth, and κ0 is a constant phase
term depending on the setup of satellites’ coordinates.
Here we choose κ0 = 0 for simplicity. (θ¯ = 1.65, φ¯ = 2.10)
describe the polar angle and the azimuthal angle of the
reference source RX J0806.3+1527 in the heliocentric-
ecliptic frame. Using Eqs. (2)–(5), we can derive the an-
tenna pattern function of an equivalent detector of Tian-
Qin, F
(1)
+,×(t; θ, φ, ψ), and another equivalent detector’s
antenna pattern function is just [42]
F
(2)
+,×(t; θ, φ, ψ) = F
(1)
+,×(t; θ, φ− pi/4, ψ). (6)
By using the stationary phase approximation under
required constraints [40] and replacing t in Eqs. (4)–(5)
by t(f) = tc− 5256M−5/3c (pif)−8/3 [56, 57], where tc is the
coalescence time and is set to be zero in our analysis, the
Fourier transformation of the strain can be obtained,
h˜(f) = AQf−7/6eiΨ(f), for f > 0 , (7)
where
A = −
√
5
96
Mc
5/6
pi2/3dL
, (8)
and
Q =
√
(1 + cos2 ι)2F 2+
(
t(f)
)
+ (2 cos ι)2F 2×
(
t(f)
)
. (9)
Here, we defineMc = (1+z)η
3/5M as the redshifted chirp
mass observed in the reference frame of detectors with the
total mass M = m1 +m2 and the symmetric mass ratio
η = m1m2/M
2. The GW strain phase evolution Ψ(f)
here will be eliminated in our calculations, as shown in
Eq. (14) below.
Besides, dL is the luminosity distance at redshift z in
a given cosmological model,
dL(z) =
1 + z
H0
∫ z
0
dz′
E(z′)
, (10)
where E(z) ≡ H(z)/H0, and H0 = 100h km s−1 Mpc−1
is the Hubble constant. The Hubble parameter H(z) can
be written as
H2(z) = H20
{
(1− Ωm) exp
[
3
∫ z
0
1 + w(z′)
1 + z′
dz′
]
+ Ωm(1 + z)
3
}
. (11)
Here Ωm is the current matter density parameter, and
the parameter w(z) = pde(z)/ρde(z) describes the equa-
tion of state (EoS) of dark energy. The ΛCDM model
[w(z) = −1] and the wCDM model [w(z) = constant]
are considered in this paper.
With the recent configuration of TianQin, the one-
sided noise power spectral density (PSD) is given by [40–
42]
Sn(f) =
[ 4Sa
(2pif)4L20
(
1 +
10−4Hz
f
)
+
Sx(f)
L20
]
×
[
1 +
(2fL0/c
0.41
)2]
, (12)
where L0 =
√
3×108m is the arm length, c is the speed of
light, Sx = 10
−24 m2Hz−1, and Sa = 10−30 m2s−4Hz−1
are the PSDs of position noise and residual accelera-
tion noise, respectively. The amplitude spectral density
(ASD) of effective strain noise is defined by hn(f) =√
Sn(f). The sensitivity curve of TianQin is shown in
Fig. 2. In order to make a comparison, we also show the
sensitivity curves of LISA (N2A2M5L6)1 [50] and Taiji
in the same figure.
The combined signal-to-noise ratio (SNR) for the net-
work of two equivalent independent interferometers is
ρ =
√√√√ 2∑
i=1
(ρ(i))2, (13)
where ρ(i) =
√
(h(i)|h(i)), with the inner product being
defined as
(a|b) ≡ 4
∫ fmax
fmin
a˜(f)b˜∗(f) + a˜∗(f)b˜(f)
2
df
Sn(f)
, (14)
where “∼” above a function denotes the Fourier trans-
form of the function. We choose fmin = 10
−4 Hz as a
conservative lower frequency cutoff, and fmax = c/2piL '
0.05GmL Hz [20].
2. The properties of GW sources and detection rates
We then discuss the source properties of standard
sirens. As mentioned in Sec. I, two factors determine the
classification of the MBHB models: the seeds of MBHs,
and the delay between the merger of MBHs and that of
their host galaxies. Due to the uncertainty of the birth
mechanism of MBHs, MBHs are divided into two sce-
narios, namely the “light-seed” scenario and the “heavy-
seed” scenario. Based on these two factors above, there
are three proposed models for the population of MBHB
[58].
(1) Model pop III: a “realistic” light-seed model in-
cluding delay, representing that the MBHs grow from the
remnants of population III (pop III) stars.
(2) Model Q3d: a “realistic” heavy-seed model includ-
ing delay, representing that the MBHs grow from the
collapse of protogalactic disks.
(3) Model Q3nod: the same as model Q3d, but without
delay, as an “optimistic” scenario for the predicted event
rates.
For the mass of MBHs, a flat distribution function
within the interval [104, 107] M is considered. The red-
shift distributions of MBHs are chosen to be consistent
with Ref. [50]. We randomly sample the position angle
1 The “N2A2M5L6” represents the configuration of LISA with the
noise level “N2”, the arm length of 2 × 109m (A2), a five-year
mission lifetime (M5), and six links (L6).
4θ, φ, and the polarization angle ψ of MBHs in the pa-
rameter intervals [0, pi], [0, 2pi], and [0, pi], respectively.
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FIG. 2: The sensitivity curves of TianQin, Taiji, and LISA
with the configuration N2A2M5L6.
The detection rates of TianQin for the three MBHB
models are given in Ref. [41]. For the twin-constellation
senario, the detection rates for the models of pop III,
Q3d, and Q3nod are approximately 23 yr−1, 8 yr−1, and
118 yr−1, respectively. Hence, within a 5-year obser-
vation, the numbers of detected MBHB merger events
by TianQin are about 115 for pop III model, 40 for
Q3d model, and 590 for Q3nod model. As shown in
Ref. [50], for the configuration N1A2M5L6 of LISA, it has
a similar detection capability compared with TianQin.
There would be approximately 10% (pop III), 35% (Q3d),
and 4.5% (Q3nod) GW events for which the electromag-
netic (EM) counterparts could be detected by the future
projects such as the Square Kilometre Array (SKA) [59],
the Large Synoptic Survey Telescope (LSST) [60], and
the Extremely Large Telescope (ELT) [61]. By applying
these percentages to the event numbers of TianQin, 12,
14, and 27 standard siren events are considered in our
simulation for the models of pop III, Q3d, and Q3nod,
respectively.
B. Methods of constraining cosmological
parameters
We construct 100 catalogs for each MBHB model and
each cosmological model. The Fisher matrix technique is
used to evaluate the errors of cosmological parameters for
a given catalog. For a cosmological model with parameter
θi, the entry of the Fisher matrix is defined as
Fij =
∑
n
1
(σdL)
2(zn)
∂dL(zn)
∂θi
∣∣∣∣
fid
∂dL(zn)
∂θj
∣∣∣∣
fid
, (15)
where the sum is over all MBHB merger events in a given
catalog, zn is the redshift of the nth GW event, and the
derivatives of dL are evaluated at the fiducial values of
cosmological models. The fiducial values of the cosmo-
logical parameters used in this paper are the constraint
results from the Planck 2015 observation [62]. The total
measurement error of luminosity distance σdL consists
of the lensing error, the instrumental error, the peculiar
velocity error, and the redshift error, which can be ex-
pressed as
(σdL)
2 = (σlensdL )
2 + (σinstdL )
2 + (σpvdL)
2 + (σredsdL )
2. (16)
For the measurement error of luminosity distance σdL ,
the main systematic error comes from weak-lensing, espe-
cially at high redshifts. We adopt the weak-lensing error
from the fitting formula [50],
σlensdL (z) = dL(z)× 0.066
[
1− (1 + z)−0.25
0.25
]1.8
. (17)
By applying the Fisher matrix to the waveform, it can
be found that σinstdL ' dL/ρ. Considering the correlation
between dL and inclination ι [20], a factor of 2 should be
added into the instrumental error, i.e.,
σinstdL '
2dL
ρ
. (18)
The error caused by the peculiar velocities of sources
should also be included,
σpvdL(z) = dL(z)×
[
1 +
c(1 + z)
H(z)dL(z)
]√〈v2〉
c
, (19)
where the peculiar velocity
√〈v2〉 of the source with re-
spect to the Hubble flow is roughly set to be 500 km s−1.
The error from the redshift measurement of the EM
counterpart could be ignored if the redshift is measured
spectroscopically. But when using photometric redshift
for the distant source, this factor should be taken into
account. For this reason, we estimate the error on the
redshift as
σredsdL =
∂dL
∂z
(∆z)n, (20)
with (∆z)n ' 0.03(1+zn) [63]. As a preliminary estima-
tion, we consider 4, 5, and 12 photometric observation
events for the pop III, Q3d, and Q3nod models, respec-
tively, according to the proportion of the photometric
observation events provided in Ref. [50].
We calculate the average value of the Fisher matrix
of the 100 catalogs, and select the catalog that gives the
value close to the mean as a representative to perform the
Markov-chain Monte Carlo (MCMC) analysis [64]. The
standard siren data simulated from the selected catalogs
are shown in Fig. 3. For the GW standard siren mea-
surement with N simulated data points, we can write its
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FIG. 3: The simulated standard sirens of TianQin during its
5-year operation based on the ΛCDM cosmology. The red-
shift distributions and the measurement errors of luminosity
distances for the three models for the population of MBHB
are shown.
χ2 as
χ2GW =
N∑
i=1
[
d¯iL − dL(z¯i; ~Ω)
σ¯idL
]2
, (21)
where z¯i, d¯
i
L, and σ¯
i
dL
are the ith redshift, luminosity
distance, and error of luminosity distance for the simu-
lated GW data, and ~Ω represents the set of cosmological
parameters.
We will make a comparison for the current EM observa-
tional data with the GW standard siren data from Tian-
Qin, so as to further discuss how the TianQin can im-
prove the constraints on various cosmological parameters.
For the current cosmological observations, we consider
three mainstream data sets at present, i.e., cosmic mi-
crowave background (CMB) anisotropies, baryon acous-
tic oscillations (BAO), and type Ia supernovae (SN). For
the CMB data, we employ the “Planck distance priors”
from the Planck 2018 observation [65], which is con-
siderably sufficient to explore the cosmic expansion his-
tory in this work. For the BAO data, we use four data
points from the six-degree-field galaxy survey (6dFGS) at
zeff = 0.106 [66], the SDSS main galaxy sample (MGS)
at zeff = 0.15 [67], the baryon oscillation spectroscopic
survey (BOSS) LOWZ at zeff = 0.32 [68], and the BOSS
CMASS at zeff = 0.57 [68]. For the SN data, we use the
latest sample from the the Pantheon compilation [69].
III. RESULTS AND DISCUSSION
In this section, we shall report the constraint results
for the considered cosmological models and make some
TABLE I: Constraint errors (1σ level) and accuracies for the
cosmological parameters in the ΛCDM model, by using TQ,
CMB, CMB+TQ, CBS, and CBS+TQ data combinations.
Here, TQ stands for the TianQin mock data, and CBS stands
for the CMB+BAO+SN data combination. The three values
corresponding to TQ from top to bottom represent the models
of pop III, Q3nod, and Q3d, respectively.
Model ΛCDM
Data TQ CMB CMB+TQ CBS CBS+TQ
0.0325 0.0071 0.0057
σ(Ωm) 0.0210 0.0085 0.0058 0.0063 0.0050
0.0310 0.0071 0.0056
0.0130 0.0050 0.0040
σ(h) 0.0076 0.0061 0.0041 0.0045 0.0035
0.0120 0.0050 0.0040
0.1006 0.0223 0.0179
ε(Ωm) 0.0658 0.0269 0.0181 0.0198 0.0155
0.0963 0.0223 0.0177
0.0194 0.0074 0.0060
ε(h) 0.0113 0.0090 0.0061 0.0067 0.0051
0.0179 0.0074 0.0060
TABLE II: Constraint errors (1σ level) and accuracies on the
cosmological parameters in the wCDM model, by using TQ,
CMB, CMB+TQ, CBS, and CBS+TQ data combinations.
Here, TQ stands for the TianQin mock data, and CBS stands
for the CMB+BAO+SN data combination. The three values
corresponding to TQ from top to bottom represent the models
of pop III, Q3nod, and Q3d, respectively.
Model wCDM
Data TQ CMB CMB+TQ CBS CBS+TQ
0.0335 0.0083 0.0060
σ(Ωm) 0.0230 0.0650 0.0064 0.0087 0.0052
0.0310 0.0081 0.0060
0.0400 0.0091 0.0066
σ(h) 0.0175 0.0690 0.0071 0.0093 0.0057
0.0390 0.0090 0.0066
0.4950 0.0420 0.0331
σ(w) 0.2250 0.2350 0.0365 0.0386 0.0311
0.4750 0.0415 0.0329
0.1095 0.0262 0.0191
ε(Ωm) 0.0737 0.2006 0.0202 0.0277 0.0164
0.1013 0.0256 0.0190
0.0564 0.0135 0.0098
ε(h) 0.0257 0.1021 0.0105 0.0137 0.0085
0.0549 0.0133 0.0097
0.3536 0.0420 0.0325
ε(w) 0.2064 0.2350 0.0364 0.0377 0.0304
0.3345 0.0414 0.0322
relevant discussions on them. First, we will show the con-
straints only using the standard siren data from TianQin.
Next, we will show the constraint results by using the
data combination of CMB+TianQin, and make an anal-
ysis on breaking the degeneracies inherent in CMB by
TianQin. Finally, we will show the constraint results with
the data combination of CMB+BAO+SN+TianQin, and
make some discussions on the capability of TianQin in
improving the constraint precision of the current main-
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FIG. 4: Two-dimensional marginalized contours (68.3% and 95.4% confidence level) in the Ωm–H0 plane for the ΛCDM model,
in the Ωm–H0 plane and Ωm–w plane for the wCDM model by using the TianQin mock data alone. Three MBHB models are
denoted by three different colors, i.e., grey (pop III), red (Q3d), and blue (Q3nod).
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FIG. 5: Two-dimensional marginalized contours (68.3% and 95.4% confidence level) in the Ωm–H0 plane for the ΛCDM model,
in the Ωm–H0 plane and Ωm–w plane for the wCDM model by using the TianQin, CMB, and CMB+TianQin. Here, the
TianQin mock data are simulated based on the Q3nod model.
stream observations.
The constraint results are given in Tables I–II, and
displayed in Figs. 4–6, in which we use the abbreviations
“TQ” and “CBS” for convenience to represent the Tian-
Qin mock data and the CMB+BAO+SN data combina-
tion, respectively. In Tables I–II, we list the 1σ constraint
error and the constraint precision for each cosmological
parameter. For a cosmological parameter ξ, we use σ(ξ)
and ε(ξ) to denote its constraint error and precision, re-
spectively.
Figure 4 shows the marginalized posterior probability
distribution contours in the Ωm–H0 plane for the ΛCDM
model (a), as well as in the Ωm–H0 plane (b) and in the
Ωm–w plane (c) for the wCDM model, under the con-
straints of the simulated standard siren data from Tian-
Qin. In this figure, the TianQin mock data are simulated
based on the three different MBHB models, which are
marked with the colors of grey (pop III), red (Q3d), and
blue (Q3nod).
We find that, among these three MBHB models, the
Q3nod model could provide the tightest constraints on
not only the ΛCDM but also the wCDM cosmological
models. Besides, the pop III case and the Q3d case
would provide the similar constraints on both of these
two cosmological models. This is because that the pre-
dicted number of standard sirens in the Q3nod model is
27, wheras the predicted numbers in the pop III and Q3d
models are only 12 and 14, respectively. Obviously, the
Q3nod case has the most powerful constraint capability
among the three MBHB models. The Q3nod model leads
to the parameter constraint results ε(Ωm) = 6.58% and
ε(h) = 1.13% for the ΛCDM model, and ε(w) = 20.64%
for the wCDM model. As a contrast, taking the Q3d
model for example, the constraint results, ε(Ωm) = 9.63%
and ε(h) = 1.79% for the ΛCDM, and ε(w) = 33.45% for
the wCDM, are significantly worse than the Q3nod case.
In Fig. 5, we constrain the cosmological models with
the CMB (red), TianQin (grey), and CMB+TianQin
(blue) data combination to explore the effect on break-
ing the degeneracies inherent in CMB with the TianQin
(Q3nod) mock data. We show the two-dimensional pos-
terior contours in the Ωm–H0 plane for the ΛCDM model
(a), in the Ωm–H0 plane for the wCDM model (b), and
in the Ωm–w plane for the wCDM model (c). We find
7(a) (b)
FIG. 6: Two-dimensional marginalized contours (68.3% and 95.4% confidence level) in the Ωm–H0 plane for the ΛCDM model,
in the w–H0 plane for the wCDM model by using the TianQin, the CMB+BAO+SN, and the CMB+BAO+SN+TianQin data
combinations. Here, the TianQin mock data are simulated based on the Q3nod model.
that, despite the fact that the parameter constraints from
TianQin are rather looser than those from CMB, Tian-
Qin could break the degeneracies inherent in CMB to
some extent because of the apparent discrepancies be-
tween the parameter degeneracy orientations, leading to
a great improvement on the constraint accuracies. For
the ΛCDM model, the constraints on Ωm and h are im-
proved by about 33% and 32%, respectively. For the
wCDM model, the constraints on Ωm, h, and w are im-
proved by about 90%, 90%, and 85%, respectively.
Finally, we wish to investigate whether the Tian-
Qin’s standard siren observation can provide useful
help in improving the cosmological estimation un-
der the current mainstream electromagnetic observa-
tions. We thus use the TianQin, CMB+BAO+SN, and
CMB+BAO+SN+TianQin data combinations to con-
strain the cosmological models in order. The constraint
results are displayed in Fig. 6. In this figure, we exhibit
the posterior contours in the Ωm–H0 plane for the ΛCDM
(a) and in the w–H0 plane for the wCDM (b). Notably,
for the TianQin mock data, we only choose the results
simulated in light of the Q3nod model.
We clearly see that, the orientations of the parame-
ter degeneracies formed by CMB+BAO+SN and Tian-
Qin are rather different, which implies that the addition
of TianQin can effectively break the parameter degen-
eracies. Indeed, when including the TianQin(Q3nod)
mock data into the CBS data sets, the data combina-
tion of CMB+BAO+SN+TianQin(Q3nod) gives the re-
sults ε(Ωm) = 1.55%, ε(h) = 0.51% for ΛCDM, and
ε(w) = 3.04% for wCDM, showing that the constraints
on Ωm and h (in ΛCDM) and w (in wCDM) are improved
by about 22%, 24%, and 20%, respectively. Further de-
tailed results can be directly found in Tables I and II.
It should be added that, in principle, the predicted
number of GW events with accompanying EM coun-
terparts originated from the MBHB coalescences should
be precisely determined according to the detection ca-
pability of future radio/optical projects such as SKA,
LSST, and ELT, etc. However, the certain formation
mechanism of MBHB is still unclear up to now, thus
for the purpose of merely a preliminary cosmological pa-
rameter estimation, we refer to the results provided in
Ref. [50], as mentioned in the section II A 2. Finally,
it should be emphasized that, in this study we consider
the twin-constellation scenario for TianQin’s data sim-
ulation, which is actually an optimistic scenario. The
capability of TianQin with a single-constellation in con-
straining cosmological parameters will become relatively
weak.
Recently, it has been shown that the future GW stan-
dard siren observation from the third-generation ground-
based GW detector, the Einstein Telescope (ET), can
significantly improve the constraints on numerous cosmo-
logical parameters by effectively breaking the parameter
degeneracies [9–12]. Of course, for the case of ground-
based GW detector, almost all the standard sirens are
provided by the BNS merger events at relatively low red-
shifts, and the number of events is expected to be very
large, e.g., about 1000 data are usually produced and
used in the simulation of GW standard sirens from the
ET. For the case of space-based GW observatory, we see
that the event numbers in several various MBHB models
are all rather small. Notwithstanding, it is found that,
even for the standard siren observation from TianQin, it
can also provide important improvements in the future
8cosmological parameter estimation.
IV. CONCLUSION
TianQin is a space-based GW observatory scheduled
to be launched in the 2030s. In this work, we make a
preliminary forecast for the cosmological parameter es-
timation with the GW standard siren observation from
TianQin. We simulate the GW standard siren obser-
vational data of TianQin based on its 5-year operation
after the completion of construction. We consider three
models for the population of MBHB, i.e., the pop III
model, the Q3nod model, and the Q3d model, to predict
the event numbers of MBHB mergers in the simulation.
From this investigation, we wish to know: (i) To what
extent can the TianQin-only data constrain the cosmo-
logical parameters; (ii) To what extent can the TianQin
mock data break the parameter degeneracies originated
from the CMB observation; (iii) What role would the
TianQin’s standard siren observation play in the future
cosmological parameter estimation.
We consider two simple cosmological models, i.e., the
ΛCDM model and the wCDM model, in this work. To
investigate the capability of standard siren observation
from TianQin in breaking the parameter degeneracies in-
herent in the CMB observation, we separately use the
TianQin’s simulated data (based on the MBHB mod-
els of pop III, Q3nod, and Q3d), the CMB data, and
the CMB+TianQin data to constrain the cosmological
models. In addition, in order to explore the Tian-
Qin’s capability in improving the parameter constraint
accuracies, we further place the constraints on the cos-
mological models under the CMB+BAO+SN, and the
CMB+BAO+SN+TianQin data combinations.
For the TianQin-only case, we find that the simulated
data based on the Q3nod model can provide the tightest
constraints on the cosmological parameters among all the
three MBHB models, with the constraint results being
ε(Ωm) = 6.58% and ε(h) = 1.13% for ΛCDM, and ε(w) =
20.64% for wCDM.
For the CMB and TianQin data, their constraints on
the cosmological parameters are quite different in the ori-
entations of parameter degeneracies. Especially for the
wCDM model, the parameter degeneracies inherent in
CMB are completely broken, and the precision of con-
straints is improved greatly. Concretely, when adding
the TianQin(Q3nod) mock data into the CMB obser-
vation, the constraint results for the wCDM become
ε(Ωm) = 2.02%, ε(h) = 1.05%, and ε(w) = 3.64%, and
the constraint precision on the parameters Ωm, h, and
w would be improved by about 90%, 90%, and 85%, re-
spectively.
Finally, when adding the TianQin(Q3nod) mock
data into the current optical data sets (i.e., the
CMB+BAO+SN data combination), we have the results
ε(Ωm) = 1.74% and ε(h) = 0.57% for the ΛCDM, and
ε(w) = 3.73% for the wCDM, which implies that with the
addition of TianQin mock data, the constraints on Ωm
and h (in ΛCDM) and w (in wCDM) could be improved
by about 26%, 29%, and 13%, respectively. Therefore,
we can conclude that the standard siren observation from
TianQin would provide important improvements in the
cosmological parameter estimation in the future.
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